Updated information and services can be found at:
Acquired mutism, defined as a condition of complete absence of speech that is not associated with other aphasic symptomatology or alteration of consciousness 1 may occur in various neurological conditions with diVerent aetiologies. 2 Neurosurgical interventions such as callosotomy, resection of the supplementary motor cortex of the dominant hemisphere, and cerebellar mass lesion resection are also associated with postoperative mutism. 1 In a previous study we assessed the speech of 15 children immediately after removal of a cerebellar tumour. 3 Five of them developed the syndrome of "cerebellar" mutism and subsequent dysarthria (MSD). The core features of this predominantly paediatric syndrome are: (1) it occurs after resection of a cerebellar mass lesion; (2) there is delayed onset of mutism after a brief interval of 1-2 days of relatively normal speech postsurgery; (3) there is transient mutism that lasts from 1 day to 6 months, followed by a severe dysarthria, which recovers completely in 1-3 months; (4) frequent association with other neurological manifestations, such as long tract signs and neurobehavioural abnormalities. 3 4 The mechanisms for the development of MSD are still unknown. In retrospective studies various risk factors have been suggested such as tumour size, length of the vermian incision at surgery, and postoperative complications such as oedema within the pontine tegmentum or brachium pontis, 4 hydrocephalus, and meningitis. [5] [6] [7] In this prospective study we examined whether type, size, and site of the tumour, site of the cerebellar incision, preoperative and postoperative hydrocephalus, postoperative infection, and oedema are related to MSD. In addition we assessed the eVects of sex and age for MSD.
Patients and methods

PAEDIATRIC POPULATION
Forty two children (29 boys and 13 girls, age range 2-17 years) with a normal psychomotor development and age appropriate speech, were admitted for a first resection of a cerebellar tumour. In 17 children a diagnosis of medulloblastoma was made. In 21 children the tumour was found to be an astrocytoma, in three an ependymoma and in one a haemangioblastoma. In line with the literature no speech problems had been found by the parents before admission. 4 8-10 DATA EVALUATION In all children, speech behaviour (in very young children elicited by, and in response to, their parents) was followed up every day during the first 2 weeks after surgery-that is, until the risk of developing MSD became almost zero. Speech behaviour was recorded on videotape before and immediately after surgery, at 3 days after surgery, and, in cases of mutism at as short as possible intervals for 4 weeks. Subsequently these patients were assessed every 2nd week until the recurrence of speech.
Speech (spontaneous language, repetition of words and sentences, and-if possiblereading aloud) was assessed according to the "Mayo Clinic lists" of Darley et al, in which speech characteristics such as voice quality, nasality, articulation, speech rate, and respiration are included. 11 For rating the severity of the dysarthric components from videotaped samples of spontaneous speech, we used the University of Michigan rating system. 12 Neurological examination of the speech musculature was carried out according to the protocol for studying acquired childhood dysarthria. [13] [14] [15] [16] Brain CT, or MRI, or both were studied to determine the preoperative maximum lesion diameter 4 and site of the tumour. We computed the bicaudate index (BI) as a measure of ventricle dilatation at presentation and within 1 week after surgery. 17 Data on the occurrence of postoperative meningitis and oedema of the brain stem were also collected.
STATISTICAL ANALYSIS
In a preliminary analysis the relation of each variable to MSD was separately tested by Fisher's exact test (or 2 test) for categorical nominal variables and the Mann-Whitney U test for ordinally scaled variables, using the SPSS/PC+ statistical package.
The combined eVect of the single variables on MSD, which in the preliminary analysis seemed to be relevant, was analysed by exact logistic regression analyses. For this we used the software package LogXact of CYTEL Software Corporation, based on an algorithm developed by Hirji et al. 18 For statistical significance mid-p values were used in the exact analyses. Because of the relatively small series of patients an exact analysis is indicated with dichotomisation of some multilevel categorical variables. The variables tumour type and site and incision site were dichotomised as follows: tumour type was divided into medulloblastoma versus other tumour types. Tumour site was defined as tumour localisation in the cerebellar midline with or without tumour extension into the cerebellar hemisphere, versus tumour localisation strictly confined to the cerebellar hemisphere-that is, lateral. Incision site was subdivided into vermal incision versus incision laterally to the vermis.
Results
The MSD syndrome occurred in 12 (29%) out of 42 children. It occurred in nine of 17 (53%) children (four girls, five boys) with a medulloblastoma, one of three boys (33%) with an ependymoma, and two boys out of 21 (11%) children with a pilocytic astrocytoma. The duration of the mutism varied from 1 day to 5 months.
For each single variable assessed separately, table 1 gives the statistical results according to the presence or absence of MSD. In addition table 1 shows that sex and age were not related to MSD. In many cases artefacts on postoperative CT obscured the exact delineation of oedema in the brainstem. Therefore these data could not be carefully assessed and evaluated as single risk factors.
Because of possible interdependencies between risk factors, the simultaneous eVect of the variables listed in table 1 was subsequently analysed by exact logistic regression analyses. These analyses showed that tumour size, although not a significant risk factor for MSD when considered separately, reached significance exclusively in combination with medulloblastoma (table 2) . Hence this suggests an interaction between size and medulloblastoma. The other explanatory variables did not give a significant contribution when additionally included in the model.
In the logistic regression model 18 calculations showed that if the tumour site was cerebellar midline the odds of developing MSD was multiplied by 8.2 (p=0.004) versus tumour localisation laterally in the cerebellar hemisphere. In the medulloblastoma group each increase of tumour size by 1 cm meant a multiplication of the odds to develop MSD by 1.76 (p=0.05), given site.
In table 3 the interaction found in the logistic regression analysis between size and type as risk factors for MSD is empirically demonstrated on the basis of the raw data. In this table size is dichotomised as lower or higher than the median (5 cm). From these data, it may be concluded that size only has an eVect in the medulloblastoma group, or in other words: medulloblastoma is a risk factor for MSD only when the size is large.
Discussion
Until now risk factors of MSD syndrome were exclusively considered separately. 4 5 19-22 Our study clearly shows that a complex mechanism is responsible for MSD, as simultaneous analyses of several factors disclose the importance of their interactions. By contrast with the manifest interaction of tumour type and size in the medulloblastoma group, such an interaction was not found in the other tumour type group. Because MSD after resection of astrocytoma or ependymoma also occurs, other single risk factors or even more complex interactions of two or more risk factors may be presumed. Pollack suggests that MSD after a midline surgical approach to the tumour is caused by excessive paravermal manipulation of tissue and subsequent bilateral damage to the dentate and interpositus nuclei, rather than by damage to the vermis. 6 This assumption is based on the study of Fraioli and Guidetti who reported mutism after bilateral stereotaxic lesions in the region of the dentate and interpositus nuclei. 23 Their findings suggest that the intactness of at least one set of deep cerebellar nuclei is necessary to avoid MSD. This would explain the absence of MSD in cases of even very large pilocytic astrocytomas situated laterally in the cerebellar hemisphere. In this context it is of interest to note that Kellogg and Piatt recently described an alternative method for resection of fourth ventricle tumours by avoiding a midvermal approach. 24 They claimed that this cerebellomedullary fissure approach minimised the risk of neurological complications, including MSD. In a previous smaller study of ours preoperative hydrocephalus (hydrocephalus clinically needing aventriculoperitoneal shunt) was associated with MSD. 3 This finding is not confirmed in the present study.
Obviously other risk factors, which as yet have not been identified, are crucial for the development of MSD. One factor might be delayed transient ischaemia of the median cerebellar structures as in one patient SPECT showed hypoperfusion of supratentorial frontotemporal cortical regions. 16 This finding suggests that postoperative diaschisis plays an important part in the development of MSD, probably by way of the dentatothalamocortical circuitry.
We found an even higher incidence of MSD (29%), than the 8%-13% reported in the literature. 4 5 7 This may be explained by the prospective nature of our study. We assessed all children every day immediately after surgery for the first 2 weeks, so that the risk of missing children with rather brief periods of mutism was kept minimal. The higher incidence of MSD in our series cannot be attributed to an overrepresentation of medulloblastoma, as the distribution of tumour types is in agreement with epidemiological data. 25 
Conclusions
Acquired mutism in childhood is a complex phenomenon occurring in various neurological conditions with diVerent aetiologies. The MSD syndrome has recently been described in many case studies. Our study shows the complex interaction of tumour type and size: MSD occurs most often after removal of a medulloblastoma with a lesion diameter >5 cm.
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